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(54) UHF eleclrosurgery system 

(57) An electrosurgery system has an electrosurgl- 
cal generator operable to generate electrosurglcal 
power at a frequency in the UHF band (typically 2.45 
GHz), a feed structure, and an electrode assembly for 
delivering the eiectrosurgicai power to tissue to be cut 
The electrode assembly has an elongate active elec- 
trode which, at the (^eratrng frequency, is X/6 in length 
(X being the wavelength in air) and has an active surface 
area of less than 30 square millimetres. A return elec- 



trode set back proximally from the active electrode is 
arranged so as to k>e capadtively coupled to tissue ac^a- 
cent the active electrode and is isolated from the feed 
structure in. respect of an unbalanced cunents. Tissue 
cutting occurs due to thermal dissipation of UHF power 
in the tissue sd>stantia!ly without arcing, resulting from 
the lossy dielectric behaviour of the tissue. 
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Descrlptiori 

[0001] This invention relates to a UHF electrosur- 
gery systeo), an electrosurgica) instrument and a 
method of operating an efedrosurgery system at UHF 
frequencies. 

[0002] It is known to use a needle or narrow rod 
electrode for cutting tissue in monopolar electrosurgery 
at frequencies In the range of 300 kHz to 3 MHz. An 
etectrosurgical signal in this frequency range is applied 
to the electrode* and the electrical current path is conv 
pleied by conduction throu^ tissue to an earthing plate 
secured to the patient's body elsewhere. The voltage 
api^ted to the electrode must be sufficiently high to 
cause arcing and consequmt thermal rupture so that 
tissue adjacent the needle is ablated or vaporised. The 
arcing heats the active electrode surface to the extent 
that thermionic effects occur, causing electrical nerve 
5b*mulation. 

[0003] According to the present Invention, there is 
provided an electrosurgev system for the electrosurgi* 
cat cutting of tissue. VnB system comprising an electro* 
surgical generator, a feed structure aiKJ an electrode 
assembly, wherein electrode assembly comprising at 
least an exposed active electrode coupled to the gener- 
ator via the feed structure. M^erein the genemtor and 
the feed structure are capable of delivering radio fre- 
quency (rf) power to the active electrode at a UHF oper- 
ating frequ&icy, and wherein the active electrode 
comprises an elongate electrically conductive mennber 
which is less than X/8 in length, wh^e X is the wave- 
length in air of the defivered power at the said operating 
frequency. In a preferred systm in accordance with the 
invention, a return electrode is coupled to tie feed 
staicture and located adjacent the active electrode so 
as to be capadtively coii^^ted to tissue adjacent the 
active electrode vi^en the active electrode is in contact 
with the tissue. The active electrode preferably has a 
proximal end attached to the feed mructure and a free 
distal end, vwth the return electrode also forming part of 
the electrode assembly and comprt^ng a conductive 
lamina located laterally of ^e active electrode and set 
back from the tip of tfie active electrode such that when 
the active electrode Is inserted in tissue, the return elec- 
trode is adjacent the tissue surfoce. In the preferred 
embodiment the return electrode is covered with an 
insulating layer to prevent direct electrical contact. Pro- 
viding the feed structure as the coaxial combination of 
inner and outer supply conductors respectively coupled 
to the active and return electrodes produces an 
arrangement In the form of a coaxial transmission line 
with an open-circuit end. When the active electrode is 
applied to the tissue, a UHF field is generated within the 
tissue which acts as a lossy dielectric, and the tissue 
surface is capacitively coupled to the return electrode, 
thereby completing a UHF current path. 
[0004] Capacitive coupling between the tissue and 
the return electrode can be enhanced by providing a 



return electrode which includes a resonant assembly. 
This provides voltage multtprtcation at tt)e return elec- 
trode, and the c<Kisequently increased voltage he^ to 
overcome the high impedance capacitive coupling path 

5 between the tissue and the return electroda 

(0009] Accordingly, a further Independent aspect of 
tile present Invention provides an electrosurgtcal sys- 
tem comprising a generator fbr supplying electrosurgi- 
cal power at an operating frequency, a feed structure. 

10 and an etectrosurgical Instrument comprising at least a 
pair of electrodes, each of whi^ is connected to a con- 
ductor of the feed storcture. wher^n cme of tiie elec- 
trodes of the etectrosurgical instrument includes a 
resonant assemk>iy which is resonant at the operating 

IS frequency of the generator. 

[0006] A further independent aspect of the present 
invention relates to an ^ectrosurgical instrument which 
may (although need not necessarily) be used as part of 
with the above system, such an instrument comprising: 

20 an active dectrode; an outer electrical conductor 
extending coaxially around the active electrode; an iso- 
lating choke connected to the outer electrical conductor, 
the isolating choke being adapted to prevent the pas- 
sage of UHF power of a given frequency along the outer 

25 surface of the outer conductor; wherein a return elec- 
trode is provided by a resonant assembly connected to 
tiie outer conductor and located distatly of tiie isolating 
choke, the resonant assemtsly having a resonant fre- 
quency which corresponds siiDstantially to the fre- 

30 quency at which the isolating choke is operational. 
19007] Typically, the system Is capable of delivering 
at least 13W of UHF power, and a power density at tiie 
active electrode of at least SW/mm?. this density figure 
being obtained by dividing the delivered power by the 

35 exposed surface area of the active electrode. 

[0008] In contrast to the delivery of power at fre- 
quencies in the range of 300 kHz to 3 MHz which is 
characterised by arcing causing instantaneous txMng 
within the cell and very high voltage gradients, at UHF 

40 the dielectric behaviour of the tissue becomes signifi- 
cant. Indeed, the dielectric behaviour of the tissue pre- 
dominates. For example, ttie real impedance of blood is 
In the region of 200 ohm cm. whereas the dielectric 
Impedance is in the region of 36 ohm cm at 1 GHz and 

45 14.6 ohm cm at 2.45 GHz. (The relative dielectric con- 
stant of t^ood is about 50.) Accordingly, the resistive 
loading at 2.45 GHz is less, by a factor of at least 15. 
than the load presented at conventional electrosurgica! 
frequencies. Since power dissipation Is proportional to 

so the square of the load voltage, divkled by Uie equivalent 
resistance (equivalent to the dielectric loss factor), tiie 
applied voltage at 2.45 Gi-tz need be only a quarter of 
that at low f requendes for tiie same dissipated power. In 
otiier words, a voltage source at 2.45 GHz will deliver 15 

55 times the power of the equ'rvalent low frequency voltage 
source. The power density is correspondingly 15 times 
greater. 

[0009] Asa result, for a ^'ven ie/ei of power dissipa- 
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tion, the voltage can be reduced to an extent such that 
the voitage gradient in the region of the active electrode 
is insufficient to promote arcing, and cell rupture occurs 
due to dielectric heating substantially without attendant 
nervoi^ stimulation. This property is particularfy advan- 5 
tageous in procedures where nen/e stimulation can be 
harmful, such as in neuro-surgery. and surgery on the 
si^ne. Cutting or ablation may also be performed with- 
out arcing in relatively t^gh impedance tissue, such as 
fatty tissue. to 
[001 0] In this context it should be noted that at con- 
ventional ^ectrO'Surgery frequencies arcing occurs due 
to the very high voltage gradients required to achieve 
call disruption, and the arcs themselves perpetuate the 
high voltage gradient due to the desiccation of tissue is 
and consequent rai^ng of load impedance. Tissue 
within the breakdown range is vaporised by the arcs, 
causing a gap between the electrode and tissue. The 
voltage required depencte on the gaseous environment, 
but in air a peak voltage of 300 volts or greater is typical. 20 
Cellular disruption occurs due to conduction through the 
tissue. The much (ower voltage gracSent produced using 
the above-described UHF system is due to, additionally, 
dielectric loss In the tissue surrounding tiie active elec- 
trode. Energy is dielectricatly coupled, even across air 2s 
gap8» i.e. between the active electrode and the sur- 
rounding tissue, and between the tissue and the set- 
bad^ return electrode. Significant power dssipation can 
be achieved without exceeding the breakdown voltage 
gradient for air of 3kV/mm. 30 
1001 1 ] A particular advantage of using frequencies 
in the region of 2.45 GHz is that the dielectric loss is a 
maximum due to the molecular resonance of water mol- 
ecules at ^ut this frequency. 

(0O12] To cut tissue, the active electrode penetrates 3S 
the tissue surface to a depth of, typically, a few millime- 
tres. Since the dielectric constant of tissue is considera- 
bly higher than that of air. tiie effective electrical length 
of the electrode decreases when in tissue, to the extent 
that the electrode may act as a step-up transformer, 4q 
producing a standing wave voltage peak in the region of 
Its tip. One of tiie advantages of arranging for ttie active 
electrode length to be less than 1/8 of the operating 
wavdength in air is that when tiie electrode is witti- 
drawn, such standing wave maxima are no longer 4$ 
present. Accordingly, the voltage at the electrode 
reduces upon withdrawal. In contrast to conventional, 
low frequency, electrodes in which the comparatively 
high generator source impedance results in tiie output 
voltage increasing due to the increased load resistance so 
in air as compared to tissue. It follows tiiat the disadvan- 
tageous tendency of low frequency systems to produce 
unwanted arcing when the electrode is outside tissue is 
avoided. 

[0013] By tailoring tiie length of the active electrode 55 
according to the delivered frequency and tiie expected 
relative dielectric constant of tiie tissue to be treated, 
the voltage step-up effect can be maximised. Specifi- 



cally, if tiie electrode represents a quarter wavelength In 
tissue (measured, for instance, from tiie end of a coaxiat 
feed fine to tiie tip of tiie electrode), an approximate volt- 
age ntinimtmi at tiie proximal end of tiie electrode is 
transformed into a voltage maximum at the tipi For an 
opemiing frequency of 2.45 GHz. then, the active elec- 
trode lengtti is preferabty in the region of 4 mm. A diam- 
eter of less ttian 1 mm, and advantageously less tiian 
0.5 mm. is prefened. it will be appreciated tiiat the most 
advantageous l^gth of the electrode depends not only 
on the operating frequency and the dielectric constant 
of tiie tissue being treated, but also on tiie surgical tech- 
nique, i.e. the deptii to which tiie electrode is Immersed 
in tissue As surrounding tissue is vaporised, the effec- 
tive dieledric constant reduces, causing tiie electrode 
voltage to fall, thus reducing tiie applied voltage, con- 
trary (as desaibed above) to the conditions tending to 
promote arcing. An electrode witii such dimensions 
tends, tiierefore. to be self-regulating, only delivering 
high voltages when applied to tiie tissue. 
[0014] From a method aspect, tiie invention pro- 
vides a mettiod of electro surgically cutting tissue com- 
prising apf^ying to the tissue an electrode assembly 
hawng an exposed active electrode electrically coupled 
to a racSo frequency (rf.) source, activating the source 
to feed UHF energy to tiie electrode at a voltage level 
sufficient to cause cell rupture witiiln tiie tissue due to 
dielectric heating of tiie tissue without arcing at the 
exposed electrode. As explained above, a capacitive 
return path is preferably provkled for tiie UHF cun'ent by 
providing a retum electrode adjacent tiie active elec- 
trode and arranging for tiie return electrode to be 
located adjacent but spaced from the tissue during the 
procedure. The return electrode may be coupled 
directly or capacrtively to the r.f. source (e.g. by direct or 
capacitive connection to the outer supply conductor of a 
coaxial feed structure). 

[0015] Inproved electric field strengtii may be 
achieved by inserting a major part of tiie projecting elec- 
trode portion into the tissue to be treated, typically to a 
depth of at least l^B where is tiie wavelengtii of tiie 
supplied UHF energy In tiie tissue. 
[0016] The invention also includes an electrosurgi- 
cal instrument for cutting tissue at a UHF operating fre- 
quency, wherein the instrument comprises a feed 
stmcture and ari electrode assemt^y coupled to receive 
radio frequency (r.f.) power from the feed structure, 
wherein: tiie feed structure comprises a coaxial line 
having an inner supply conductor and an outer supply 
conductor, the electrode assentrfy comprises an active 
electrode and a return electrode, tiie active electrode 
comprises an e^osed elongate electrically conductive 
member which is coupled to the saki inner conductor 
and is less than X/8 in length, where X is the wavelengtii 
in air corresponding to the operating frequency, and tiie 
return electrode is coupled to the outer su^^ly conduc- 
tor and located so as to be adjacent to active electrode 
and set back from tiie distal end of the active electirode. 
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whereby the feed structure arKl ^ectrode assembly 
together constitute an open-ctrcuit coaxial line* and 
means isolating the eiectrode assembly from at least a 
part of the outer supply conductor in respect of unbal* 
anced currents at said operatir^ frequency. Such an 5 
instalment may comprise a handpiece, an elongate 
instrumem, a ehafi comprising an rigid or resilient coax- 
ial feeder fornv'ng at least part of the coaxial line, the 
shaft having a proximal end seoired in the handpiece 
and a distal end mounting the electrode assembly. The 10 
active electrode member, typically In the form of a rod. 
may extend directly from the end of the coaxial line. 
[0017] The invention win now be described by way 
of example with reference to the drawings in whi(^;- 

15 

Rgure 1 is a diagram showing an electrosurgery 
system in accordance wHh the invention: 

Rgure 2 is a diagrammatic cut-away perspective 
view of an electrode assembly and an associated 20 
feed structure; 

Rgure 2A is a tongitudinat cross-section through a 
modification of the eiectrode assembly of Figure 2. 

2S 

Rgure 3 is a diagram showing a simulation of the 
electric field pattern obt^nable with «ie electrode 
assembly of Figures; 

Figure 4 is an electrical block (£agram of the system 30 
of Figure 1; 

Figure 5 is a circuit diagram of a power control cir- 
cuit; and 



Rgure 6 Is a longitudinally sectioned view of an 
electrosur^cal instnmient shaft, including a spark 
gap frequency up-converter. forming part of an 
altemative system in aco(»rdance with me invention. 
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[0018] The preferred embodiment of the present 
invention is applicable mainly to the perfonnance of 
electrosurgery upon tissue in an open or gaseous envi- 
ronment using a dual electrode instrument having active 
and return electrodes situated at the distal end of an as 
instrument shaft The active electrode is applied directly 
to the tissue. The return eiectrode does not contact the 
tissue being treated, but is normally adjacent the tissue 
surface where it is capactively coupled to the tissue at 
UHF frequencies. so 
[0019] A system incorporating such an instrument 
is shown in Rgure 1. Referring to Figure 1. the system 
has a electrosurglcal supply unit 10 with an output 
socket 10s providing a radio frequency (r.f.) output for 
the eiectrosurgical instrument 12 via a flexible cable 14. 55 
Instniment 12 has a handpiece 12A and. nwunted to 
the handpiece, an instrument shaft 12B having an elec- 
trode assembly 16 at its distal end. Activation of the 



suf^y unit may be performed from the hand^ece 12A 
via a control connection in cable 14. or by means of a 
foot switch 18 connected separately to the rear of the 
supply unit 10 by a foot switch connection cable 20. 
p)020) Instrumem shaft 12B fomns part of a feed 
structure for the electrode assembly 16 and takes the 
form of a coaxial feed having an Inner conductor and an 
outer s^sply conductor made with rigid or resilient 
material and constructed as a metal tube or as a plas- 
tics tube with a m^atfic coating. The distal end of the 
feed structure ^ears in Rgure 2 from which it will be 
seen that the inner conductor 22 has an extension 
which projects beyond a distal ^ of the outer conduc- 
tor 24 as an exposed rod 26 forrnng an axialiy extend- 
ing active electrode of a length and diameter typically in 
the region of 4 mm and 0.5 mm respective. The distal 
end portion of the inner supply conductor 22 is encased 
in a coaxial ceramic or hi^-temperature polymer sleeve 
28 acting as an insulator and as a dielectric defining the 
characteiistlc inpedance of the transmis^on fine 
formed by the coaxial feed 

[0021] The return electrode is formed as a coaxial 
conductive sleeve 30 sun'ounding the distal end portion 
of the outer supply conc&ictor 24 with an intervera'ng 
annular space 31, A connection t)etween the retum 
electrode 30 and the outer supply conductor 24 Is 
fonned as an annular connection 30A at one end only, 
here the distal end. of the retum electrode 30 such that 
the projecting active electrode rod 26 and the retum 
electrode 30 together constitute an axlally extending 
dipole with a feed point at the extreme distal end 33 of 
the coaxial feed structure. This dipole 26, 30 is dimen- 
sioned to match the load repres^ted by the tissue and 
air current path to the characteristic inpedance of the 
feed at or near 2.45 GHz, 

[0022] Located proodmalty of the electrode assem- 
bly formed by active electrode 26 and return electrode 
30 is an isolating choke constituted by a second con- 
ductive sleeve 33 connected at one of its ends to the 
out©- supply conductor 24 fciy an annular connection 
33A. In this Instance, the annular connection Is at the 
proxinoal end of the sleeva The sleeve itself has an 
electricaf length w^foh is a quarter^avelength (^74) at 
2.45 GHz or hereabouts, the sleeve thereby acting as 
an tsalun promoting at least an approximately balanced 
feed for the dipole 26, 30 at that frequency and isolating 
the return electrode from the outer supply condu^or 
insofar as unbalanced UHF currents on the outskie of 
the outer ccmductor are substantially avoided. Whilst 
the prefenred choke Is in the fbrni of a sleeve, it is possi- 
ble also to construct it as a quarter-wave cpen^ircuit 
rod or strip ha^dng one end connected to the outer con- 
ductor 24 and the other end open drcuil. such rod or 
strip being located parallel to the axis of the feed struc- 
ture. 

[0023] The active electrode 26 has a length in the 
region of 4mm while the return electrode 30 is signifi- 
cantly greater tiian 4mm In length and may approach 
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30mm. The reason for this differenoe in length is that the 
relative dielectric constant of living tissue is higher than 
that of air, which tends to Increase the electrical length 
of the active electrode lor a given physical length, 
depencfing on the extent to which the electrode is sur* 
rounded t>y the tissue. JhQ electrode assembly 16 and 
choke 33 are conf^ured to provide an electrical imped- 
ance match with the tissue being treated and. advanta- 
geously, a mismatch to the impedance of free space, so 
that power transmission from the electrode assembly is 
minimised wlien the active electrode Is removed from 
tissue whilst an ^ectrosurgicai voltage is still being 
applied at 2.45 GHz. 

[0024] The phenomenon of variation in electrical 
length is further illustrated tsy considering the fact that 
the wavelength in air corresponding to a frequency of 
2.45 GHz Is 122mm& Waves at the same frequency in 
a material of higher dielectric constant have their wave- 
length decreased by the square root of the relative cfie* 
lectrtc constant Thus, in trfood, the wav^ength 
deaeases by the square root of 50 to 17,3mm. An 
impedance transformation occurs along the length of 
the active electrode, from a relatively low impedance at 
the feed point (the extreme distal end terrranation 32 
of the feed structure) to an impedance maximum at a 
distance distally from the feed point equivalent to a 
quarter wavelength within the tissue, assuming that the 
electrode is completely en^edded. Accordingly, there is 
a standing wave voltage minimum at ^e feed point and 
a standing wave voltage maximum at the quarter wave* 
length point. Advantage can be taken of this phenome- 
non l3y selec^ng the length of the active dectrode 26 to 
produce the voltage maximum at the region of its tip 
26T. On the basis that, for cutting, the electrode is gen- 
erally conrpletely embedded in tissue, the length is 
selected to be in the region of 4 to Smm, i<e. approxi- 
mately the quarter of a wavelength at 2.45 GHz in 
blood. 

[0025] Since a substantially complete transition 
from a voltage minimum to a voltage maximum occurs 
within the tissue, the voltage gradient within the tissue is 
the peak voltage divided by the quarter wavelength. 
This means that the peak applied voltage tends to occur 
at a tissue depth of about 4mm. This is quite different 
from normal electrosurgery at lower frequencies, when 
the peak applied voltage aji^ears between the active 
electrode and a remote return pad attached to the 
patient's skin. Hence power density is also increased 
compared with low frequency systems, insofar as It is 
inversely proix>rtional to wavelength. 
[0026] [t will be appreciated that the performance of 
the electrode is dependent on the dielectric constant of 
the target tissue during cutting. When conpletely 
embedded in material, only a 4 mm electrode is 
required to provide a matched quarter wavelength. The 
significance of this is that peak voltages only occur 
when the electrode is a matched quarter wavelength so 
that if the electrode is only 4mm Icmg (i.e, between 



0.03X and 0.0531 where X is the wavelength in air), 
matching only occurs when the electrode is in the posi- 
tion required for cutting. This short electrode therefore 
exhibits self-regidat'on, as desaibed sdX3ve, increasing 
5 the de&vered power in the required location substan- 
tially without ardng. 

[0027] Sleeve 33 has an inrportant function insofar 
as it acts as an isolating trap isolating the outer supply 
conductor 24 of the feed structure from the return elec> 

10 trode 30. tergely eliminating r.f . currents at 2.45 GHz on 
the outside of the outer supply conductor 24. This also 
has the effect of constraining the electric ilM which 
results from the application of a voltage at 2.45 GHz 
between the active electrode and the return electrode, 

15 as seen in Figure 3. 

[0028] Figure 3 is a computer-generated finite ele- 
ment simulation of the electric (E) field pattern produced 
t>y the electrode assehlbly 16 and choto 33 of Figure 2 
when energised via the coaxial feed 12B at 2.45 GHz. It 

20 should be noted that the exponents of the electrode 
assent)ly and the sleeve 32 are shown quartered in Fig- 
ure 3 fi.e. with a 90^ sector cross-section). The active 
electrode 26 is shown with its tip in contact with a bod^ 
40 oi tissue. The pattern 42 (tf E-fiekJ contours In a 

25 plane containing the ax^ of the etectrode assenr^ly 
illustrates the marked concentration of E-fleld in the 
space 44 surrounding the active electrode 26 and the 
distal part of the return electrode 30 immediately adja- 
cent the tissue surface 408. Proximally of this space, 

30 the E4iekJ intensity is much reduced, as will be seen by 
the relatively wUe spacing of the contours. (It shouki be 
noted that the regksn 44 of greatest intensity appears as 
a white area in the drawing. In this region and the imme- 
diately surrounding region, the contour lines are too 

35 dosely spaced to be shown s^arately.) The presence 
of an intense E-f iekl reckon between the distal end of the 
return electrode 30 and the tissue surface 408 is also 
indicative of capacitive coupling between these two sur- 
faces at the frequency of operation (which Is 2.45 GHz 

40 in the simulation of Rgure 3). Localisation of the E-f ieW 
in this manner also has the effect of reducing radiated 
loss In comparison with an arrangement in which 
intense field regions exist further from the tissue surtee 
408. with the effect that radiated loss is minimised. 

45 [0029] Referring back to Figure 2, it will be under- 
stood that the feed structure makes use of an open- 
ended coaxial feed rather than a waveguide to transmit 
power to the electrode assembly from the handpiece 
and, Indeed, as shown In Rgure 1, there Is a flexble 

so cable between the handpiece 1 2 and the electrosurgical 
supply unit 10. Dielectric losses in the cable 14 are mit- 
igated by selection of a cable with a low density, partly 
air-filled dielectric structure. A further reduction in die- 
lectric loss can be obtained by increasing the diameter 

55 of the cable, Such increased diameter need not be used 
over the whole length of the cable 1 4. Indeed, a smaller 
diameter may be retained near the handpiece to retain 
flexibility of movement 
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[0030] Referring rtOMf to Figure 2A, in a modification 
of the ennbodiment of Figure 2 the return electrode 30 is 
in the form of a conductive ring 130 which extends sub- 
stantially coaxtally with both the outer sqaply conductor 
24 and the active electrode 26, and which is connected s 
to the outer supply conductor 24 via a conductive wire 
130A. As will ba seen from the drawir^, the conductive 
wire 13aA extencte longitudinaily on the outside of the 
outer supply conductor 24. parallel to the central axis 
over most of its length. It is ccmnected at its r^ximal w 
end to the conductor 24 and at its distal end to the ring 
130. and it lies acfjacent but spaced from the conductor 
24 between its ends. Both the ring 130 and wire 130A 
are located cfistatly of the balun sleeve 33 (see Rgure 
2). The length of the ring 130 (i-e its axial extent) is 75 
small compared to the quarter wave balun structures, 
such thai it acts as a discrete or lumped capacitor with 
the outer supply conductor 24» while the wire 130A 
behaves effectivety as a discrete Inductor The values of 
the capacitance and inductance of the ring 1 30 and wire 20 
130A are chosen such that in combination the rmg 130 
and wire 13CA form a resonant assembly the resorant 
frequency of which is the frequency of the supplied 
power, and resonance of u^ich causes a nmiltiplication 
of the voltage at the ring 130. This step*up voltage 2s 
transformation at the return electrode 30 helps to 
increase the current which flows between the active and 
return electrodes as a result of capacltive cci^ling 
between the tissue and the return electrode, and in part 
compensates Ibr the high impedance return patfi whl(^ 30 
results from the relatively low capacitance between the 
tissue and the return electrode 30. 
[0031 ] The i^e of a structure which provides a res- 
onant assembly in the form of what are effectively dis- 
aete components is not essential, and a structure ss 
which comprises disputed inductance and capaci- 
tance capable of providing upward voltage transTonna- 
tion may also be employed. 

[0032] The preferred generator will now be 
described with reference to Figures 4 and 5. 4o 
[00331 Refemng to Figure 4. the supply unit 10 has 
a 2.45 GHz source 50 the output signal of which Is fed 
to a circulator 52 connected in series between the 2.45 
GHz source 50 and the output 10S to provide a 50 ohm 
source impedance under conditions of varying load 45 
impedance. Reflected power Is diss^ated in a 50 ohm 
reflected energy sink or dump 54, also connected to the 
circulator 52. 

[0034] The 2.45 GHz signal is deliv^ed to the out- 
put socket 105 of the supply unit and th&ice via cable so 
14, which is typically in the region of three metres long, 
to the handhekJ instrument, represented in Figure 4 by 
an inpedance trwisformer 56 operable at 2.45 GHz. 
and thereafter to the tissue 40 under treatment 
[0035] The 2.45 GHz source 50 Includes a power ss 
control circuit as shown in Figure 5. Referring to Figure 
5. the power control circuit has two inputs 60. 62 cou- 
pled to the input arKi the "reflected" power output of the 



circulator 52 (see Figure 4) respectively. The reflected 
voltage applied to input 62 Is subtracted from the input 
voltage suppGed to irput 60 in comparator 64 and the 
resulting difference value compared with a reference 
voltage set by a potentk)meter 66 in an output compara- 
tor 68 to produce a switching signal for limiting the 
power output to a threshoU value set by the user (or set 
automatically using a nticroprocessor controll^ forming 
part of the si^ly unit). Different pow^ settings may be 
used depending upon the size of the electrode assem- 
bly connected to the handpiece and upon the environ- 
ment 

[0036] In a variation, not shown in the drawings, the 
UHF (2.45 GHz) source 50 shown in Figure 4 may be 
installed In the hand|p>lece 12 together with the corculator 
52 and energy dunp 54. This has the advantage that 
the cable 14 (see Rgure 1) between the supply unit and 
the handpiece 12 may be an inexpensive smaller diam- 
eter component In this case the UHF s\gm\ may be 
generated either from a UHF oscillator in the handpiece 
or by converting the low frequency signal (e.g. in the 
region of 300 kHz to 3 MHz), the source 50 comprising 
a frequency up^sonverter and amplifier. The first tech- 
nk^ue alkws use of a cMb 14 (Rgure 1) designed sim- 
ply for d.c. signals. The frequency conversion option 
allows use of a low-cost coaxial construction with an 
additional cable or additional wires being provided for 
the d.c. supply and control functk)ns. It will be appreci- 
ated that losses at UHF are much reduced with this var* 
iation. to the extent that the power output of the UHF 
source may be reduced. Drawbacks include the addi- 
tional tHJik and weight of the handpiece and the possible 
need for forced fluid cooling of the UHF synthesiser, 
depending on the required power output. Such cooling 
oouki take place by evacuating air from the operation 
^te into a passage at the distal end of the electrode 
^aft through a filter element to the UHF source, per- 
fbnnng the dual functions of coding the source and 
removing smol^ or vapour from the operation site to 
enhance visibility. Driving the UHF source 50 from a 
lower frequency r.f. source aitows use of a conventional 
electrosurgical generator operating in the range of from, 
say, 100 kHz to 3 MHz as the primary source of power. 
Indeed, it is possible to arrange for low frequency or 
UHF signals to be applied to the electrode assembly, as 
described in our concurrently filed application entitled 
"Electrosurgery System*. 

[0037] The concept of generating a UHF signal by 
frequency conversion from a tower frequency source 
generated, for instance, from a conventional generator 
may be taken further to the extent that frequency con- 
version may take place in the distal end portion of the 
Instrument shaft, as described tn our concurrently filed 
application entitled "Electrosurgery System mid Instm- 
ment". As shown in Rgure 6. this embodiment has an 
electrode assenisly 16 forming the distal end portion of 
an Instrument shaft 128 such that the return electrode 
30 is a conductive sleeve covering a portion of a low 
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loss dietedric body 70 made of. for instance, a ceramic 
material. The active electrode is formed t^ a conductive 
rod 26 en4>edded in a axial position in the diefectric 
t)0dy 70. Over the majority of its length, the shaft 12B 
constitutes a coaxial feeder having a metallic sheath or 
outer conductor 24 and an axiial inner conductor 22. 
separated from the outer conductor 24 by a low toss die- 
lectric material 72. 

[0038] The return electrode 30 is of a similar diam- 
eter to the outer conductor 24 of the feeder, but is insu- 
lated from the tatter by an annular insulative section 74, 
whidi may be a rib fbrmed on the dielectric body 70. As 
in the first-desaibed embodiment, the return electrode 
30 is set back from the tissue treatment portion of the 
active electrode 26. or at least its cfistal end 26T. such 
that when the treatment portion is brought adjacent a 
tissue surface, the return electrode is spaced back from 
the surface. As a result the return path from the tissue 
surface to the UHF source is by virtue of the capaci- 
tance between the tissue surface and the return elec- 
trode 30. 

[00i39] A notable feature of the instrument is a fre- 
quency iq>converter within the shaft. In the form of a 
spark gap device formed by the connblnation of an 
enlarged end portion 22A of the inner conductor 22 and 
an inner annulus 24A forming part of the outer conduc- 
tor 24 of the feeder adjacent its distal end. The gap 76 
betM^een these two spark gap elements 22A. 24A is 
annular and Ibmis part of a passage 78 through wtiich 
f lukt may be pumped (via fluid inlet 80) as a means of 
controlling the breakdown voltage. The passage 78 
delivers fluid, preferably gas. usually air. to the gap 76 to 
renrtove ionised gases ther^y to decrease the recovery 
time of the gap. Other benefits include cooltrig tiie gap 
76 and clearing vapour and smoke from the surgical 
site. Tapered fOYnation of the inner conductor distal end 
portion 22A allows adjustment of the spark gap 76 by 
axial movement of the inner corKluctor 22. 
[0040] Also forming part of the spark gap device is 
a discharge capadtor 82 within the ceramic dielectric 
body 70. constituted by a first capacitor plate 82A tn 
which the distal end 22B of the inner conductor 22 is a 
sliding fit, a dielectric layer 82B. and a secondary 
capadtor plate 82C having a distal stud which Is con- 
nected to the distal end of the outer conductor 24 by a 
conductive track 84 applied to the dielectric body 70. 
This track forms the primary winding of a transfbrmer 
which has a parallel second winding fbrmed by a sec- 
ond conductive track 86 connected between the proxi- 
mal ends of the active electrode rod 26 and tiie return 
electrode 30. 

[0041 J A third conductive track 88 connecting the 
active electrode to the return electrode at an intermedi- 
ate posttkni between the two ends of the active elec- 
trode rod 26 acts as a shunt Inductor for tuning 
purposes. 

[0042] Both the outer conductor 24 of the feeder 
and the return electrode 30 are covered by an Insulative 



sheath 90 which is continuous over the whole length of 
the shaft to the distal edge of the return electrode 30. 
with the exception of an aperture corresponding to gas 
inlet 80. 

5 [0043] In use, the feeder 22. 24 is incfirectly coupled 
to a radio frequency electrosurgical generator operating 
at a frequertcy between 10kHz and iMHz, the coi^ling 
bdng via a transfbnmer and/or other reactive elements 
which may be mounted in a handpiece of the instru- 

10 ment The generator may be a proprietary generator 
operating at conventtonal electrosurgical frequendes, 
e.g. 350 kHz to 1 MHz. The level of the generator output 
voltage is preferably in the region of 300 volts peak or 
upwards. arvJ is stepped up to a level in tiie order of 

15 2000 V peak, this level being suHident to cause ardng 
at the spark gap. the wdth of which is between 0.05mm 
and 5 mm. and preferably between 0.2 mm and 1 mm. 
The voltage level at which ardng occurs depends not 
only on the width of the gap. but also on the substances 

20 within the gap. For instance, the gap may be filled with 
air. but other fluids can be introduced. During each half 
cyde of the generator output voltage the vdtage across 
the spark gap 76 and capacitor 82 buikfs up and if rt 
achieves a high enou^ level to cause tonisation of the 

25 gas in the spark gap. an abrupt transition from a high 
impedance to a tow impedance state occurs causing an 
exceptionally rapid discharge of capacitor 82 and a high 
current transient \n transfonner primary 84. This tran- 
sient has a v^e range of frequency components, 

30 induding at least one component at a resonant fre- 
quency defined by structure of the electrode assembly, 
espedally the active electrode, its relationship with the 
return electrode 30. the dielectric ccmstant of the dielec- 
tric body 70, and the inductances of the transformer 

35 secondary 86 \tie shunt inductance 88. Accordingly, a 
voltage pulse with a dominant UHF frequency compo- 
nent is generated at the active electrode distal end 26T, 
where it is used to provide a localised electrosurgical 
effect, the return path being a capacltive path as 

40 described above witii reference to Figure 1 . 

[0044] By controlling the applied lowfrequency volt- 
age from the radk) frequency electrosurgteal generator, 
it can be arranged that spark gap breakdown occurs 
near the peak of the low frequency voltage waveform in 

45 order to produce tiie greatest transient output Ihts also 
minimises heating of the electrode and difficulty In extin- 
guishing the arc, allowing the highest possible spark 
repetiticm rate and minimum sparic duration. A 90 
degree phase relationsNp between the zero-crossing of 

50 ti^e low frequency excitation voltage and spark gap 
breakdown (the transient current edge] is optimal, and 
control of the low frequency output can be derived by 
monitoring the phase relationship between the current 
edge and the r.f; exdtation voltage. 

55 [0045] A gaseous supply via inlet 80 may be used 
to remove excess heat from the spark gap generator 
and allows re establishment of the jonisation potential of 
the gap. The flow rate necessary to achieve this is 
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dependent on the spark r^ethion rate and other der- 
mal dissipation conditicms. 

[0046] The energy within each spark discharge is 
dependent on applied voltage and the size of the ds- 
charge capacitor 82. It is not necessary to achieve a dis- s 
charge with every half cycle of the ar^fled low 
frequency voltage, and since the discharge capa^or 
can become part of a series-resonant drcuit resonant at 
the generator frequency it is possitDle to configure the 
gap and the series tuning components for a stow buikl- w 
up of excttatkMi energy due to ruiging in the low fre- 
quency resonant circuit. When breakdown occurs, this 
built-up energy is dissipated, with the result that the cur^ 
rent is thereafter Insufficient to sustain the arc, the spark 
gap returns to a high Impedance state, and the resonant 75 
circuit starts to ring again to begin another process of 
building up energy on the capacto. Betwe^ individual 
sparks, the (fischarge c^>acilor fbmis part of the low 
frequency resonant c^ont When a spark occurs this 
capacitar forms part of the resonant atructiffe of the 20 
electrode assembly, resonant at UHF. 
[0047] This technx|ue allows sparking at a relatively 
low frequency, typically 10 to 20kHz, with a oompara* 
tively high frequency source operating in the range 100 
to 1 0OOkHz. Use of series resonance allows the voltage 2s 
always to ctlmb to a level sufficient to exceed the lonlsa- 
tlon potential of the spark gap. such that breakdown 
occurs after several half cycles (typically between 5 and 
100)» which means that discharges are unlikely to occur 
at a strictly regular firequency with the result that no sin- 30 
gte frequency audible tone is generated by the spart^ig. 
If the generator has an operating frequency higher than 
the cfischarge frequency, the rate of rise of voltage 
across the gap tends to be quicken with the result that 
the discharge threshold voltage and speed of the result- 35 
ing discharge are increased. 
[0048] It is possible to acgust the output frequency 
and tissue effect by simple mechanical acQustment of 
the components or their relationship. For example, the 
capacitance of the discharge capaa'tor may be made as 40 
small as 20pF and of a construction such that it can be 
varied by mechartical adjustment of one plate (not 
shown In Figure 6). This allows alteration of discharge 
energy and. tierefore, electrical power delivered to the 
target site. 4s 
[0049] To summarise. It will be understood tiiat the 
above-desoibed altemative arrangement provides a 
UHF frequency source (In this case a spark gap gener- 
ator) in dose proximity to the active electrode, but con- 
trolled and fired by a remote k)w frequency rf source, so 
By provision of a capacitor having a dielectric material 
with low dielectric loss and suffknentty high dielectric 
constant that the capacitor can be made small enough 
to be placed within the electrode assembly, it has been 
possible to construct a tuned generator within the elec- ss 
trode shaft. The dielectric material Is Rogers RO 4003, 
wrtiich is a woven-glass-reinforced ceramic-filled ther- 
moset plastics material. The discharge capacitor is dis- 



charged by the spart< gap into the primary winding of the 
transfonner, which is air cored, and <^tionaily tuned 
Ena^gy is magnetically coupled to tiie secondary wind- 
ing in close proximity to the active electrode tip. the cir- 
ojlt being completed by capacitive coyplfftg to the set 
back return conductor, 

[0050] It Is prefenred that the UHF output is at a fre- 
quency greater than 500MHz. and generally greater 
than lGHz. This is much higher than the frequencies 
used in conventional un^lar systems and has the 
potential in some ctrcumstEuices of creating radio fre- 
quency Interierence. However, such interference is min- 
imised by the fact that frequency tjp-conversion occurs 
very close to tiie distal end of tiie shaft, with the result 
that UHF radiation from the coaxial feeder can be mini- 
mal. Miniffttsing the distance between the UHF source 
and the active electrode also substantially reditt:e5 UHF 
losses in comparison with UHF power supplied via a 
cabia 

(0051 ] Location of the UHF source in close proxim- 
ity to ttie active electrode minimises the antenna effect 
(i.e. interierence) and the generated UHF energy Is vnr- 
tually all dissipated at the target sita As mentioned 
above. It is not essential that the frequency up^onverior 
Is located adjacent the active electrode. Depending on 
circumstances, in particular the length of tiie instrument 
shaft, acceptable peribrmance may be obtained by 
locating the up-converter/spark-gap device in the hand- 
piece» the k3W frequency source then b^'ng connected 
to the handpiece by a flexible coaxial cable in the con- 
ventional manner 

[0052] Further infonmation relating to this en^i- 
ment is described in the last-mentioned oo-pendng 
application. 

Claims 

1. An electrosurgery system comprising an electro- 
surgical generator, a feed stmcture and an elec- 
trode assembly, the electrode assembly comprising 
at least an exposed active electrode and a return 
electrode which are coupled to the generator via 
the feed structure, and Isolating means associated 
with tiie return electrode and the feeder structure, 
wherein the generator and the feed structure are 
capable of delivering radio frequency (r.f) power to 
the active electrode at a UHF operating frequency, 
the active electrode comprises an elongate electri- 
cally conductive member which is less ihan X/B in 
length, where X Is the wavelength In air of the deliv- 
ered power at tiie said operating frequency, and tiie 
suriace area of the active electrode Is less than 30 
square millimetres. 

2. A system according to claim 1 , wherein the return 
electrode is located adjacent the active electrode 
so as to be capadtively coupled In use of the sys- 
tem to tissue acQaoent the active electroda 
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3. A system aocordng to claim 2, wherein the active 
electrode has a proximal erd attached to the feed 
structure, and a free distal end. and wherein the 
return electrode forms part of the electrode assem- 
bly and comprises a conductive lamina located lat- 
erally of the active electrode and set back from flie 
distal end of the active electrode. 

4. A system according to daim 2. wherein the feed 
structure comprises the coaxial con^natton of an 
inner supply conductor and an outer supply con* 
ductor. the active electrode is coupled to the inner 
conductor, and the return electrode is coupled to 
the outer supply conductor, such that the feed 
structure has an open-circuit end. 

5. A system according to claim 2. wherein the isolating 
means isolates the return electrode from the feed 
structure In respect of unbalanced currents. 

6. A system according to claim 5. wherein said Isolat- 
ing means comprises a open-ended quarter-wave 
conductor. 

7. A system according to claim 6« wherein said con- 
ductor is in the fonn of a conductive sleeve. 

8* A system acx:ording to daim 4, including a baJun 
associated with said outer conductor. 

9. A system according to any of daim 2. wherein the 
retum electrode is of annular cross-section and 
coaxial with the active electrode, such that the 
assembly comprises an open-circuit coaxial struc- 
tu-e. 

1 0. A system according to daim 1 , wherein the operat- 
ing frequency is at least 1 GHz. 

11. A system according to claim 10. wherein the oper' 
ating frequency is in the region of 2.45 GHz. 

12. A system according to claim 1 1 , wherein the active 
electrode has a length in the region of 4 mm and a 
diameter equal to or less than l mm. 

1 3. A system according to daim 1 . wherein the genera- 
tor and feed structure are capable of delivering to 
the active electrode sufficient power at UHF to yield 
a power density of at least SWAnm^. 

1 4. A system according to daim 1. wherein the genera- 
tor and feed structure are capable of delivering 
k>etween 13 and 125W of UHF power to the active 
electrode. 

1 5. A system according to claim 1. wherein the surface 
area of the active electrode is at least 1.5 square 



nvltimetres. 

16. A system according to claim 1. wherein the return 
electrode is of elongate construction and has a 

5 length less than or equal to X/4. 

17. An electrosurgical instrument for cutting tissue at a 
UHF operating frequency, wherein the instrument 
con^rises a feed stnicture and an electrcxie 

to assen^y coupled to receive radio frequency (r.f} 
power from the feed structure, and wherein: 

the feed structure comprises a coaxial line hav- 
ing an inner supply conductor and an outer 

IS supply conductor. 

the electrode assent comprises an active 
electrode in the fonn of an exposed elongate 
electrically condudive member which is cou- 
pled to the said inner conductor, is less than 

20 in length, where X is the wavelaigth fm air) cor- 

respotKiing to the operating frequency and has 
a surface area no greater than 30 square milli* 
metres, and a retum eledrode celled to the 
outer supply conc&idor and located so as to be 

2S adjacent the active electrode and set back from 

the distal end of the adive eledrode. wher^ 
ttie feed structure and eledrode assembly 
together constitute an open-drcuit coaxial fine, 
and 

30 means isolating the eledrode assembly from at 

least a part of the outer supply condudor in 
resped of unbalanced cun^ents at said operat* 
ing frequency. 

^ ia An instalment acconcfing to daim 17. wherein the 
adive eledrode is an exposed rod having a length 
in the region of 4 mm and a diameter less than 1 
mm. 

40 19. An instrument according to daim 18. conprlsing a 
handpiece and an elongate insfrument shaft com- 
prising a rigid or resilient coaxial feeder forming at 
least part of the said coaxial line, the shaft having a 
proximal end secured in the handpiece and a distal 

45 end mounting the electrode assen^y. wherein the 
adive eledrode rod extends diredly from an end of 
the coaxial line. 

20. An insfrument according to daim 17, wherein the 
so surface are of the adive eledrode Is at least 1.5 

square millimetres. 

21. An instrument according to 17, wherein the return 
eledrode comprises an elongate member having a 

55 length less than or equal to X/4. 
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